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AERONAUTICS

FIJGHTMEASUREMENTSAT MACHNUMBERSFROM1.1TO 1.9

OFTHEZERO-LD?TDRAGOFA TWIN-EIWINE

SUPERSONICRAM-JET“COIWKWRW1ON

ByAbrklm LeiSS

I $.”’
I A flightinvek~igationwasconductedto determinethezero-lift

dragchsracteristic,~of+utwin-engtiesupersonicr--jetcofiiW~tiOnY
whichwereneeded’$jomake,performancecalculationsbelowthedesign)I Machnumber.Datqwere%~btainedovera Machnuniberrangefrom1.1
to 1.9for twopower-offram-jetmodels- withandwithoutnacelles.- to
supplementthepe;forma&e dataobtainedfromprevioustestsathigher
supersonicspeeds.“,.-TheReynoldsnumber,basedonfuselagelength,

1“ . .
rangedfrom53x 106a&a.Mach numberofl1.1to ~8 x 106at a MachI numberof 1.9. Thee$ternaldragofthenacelleunits,whichincluded
thedragoftheinboardwedge-typestrutsj Outbotifair-sY ~dI
nacellesandtheir’“mutualinterferencedragjwasdeterminedand

I accountedforapp”roxima~ely60percentofthetotalexternal&ragofI
thisconfiguratioti..~ ~‘

1 ..
.,.-

/ .:.
‘*,,>.,t INTRODUCTION

I Performancetitsfromtheflighttestof a ram-jet-poweredtest
vehicle(ref.1)wereobtainedovera rangeof kkchnumbersfrom1.8
to 2.6. Ananalysisoftheperformancedataofthistwin-enginesuper-
sonicrh-jettestve~cleledto theneedforzero-liftdragdataof
themissilecomponentpartsaswellastheneedto extendtheconfigura-

1 tiondragdatato lowerMachnumbers.

Free-flightzero-liftdragtestshavethereforebeenmadewith
5—-
8 scalepower-offnmdelsoftheram-jettestvehiclefromMachnumbers.
of 1.1to 1.9 with nacelleunitssndfrom0.7 to 2.0withoutnacelle
units.
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Thetotalandcomponentdragcoefficientsofthetwomodelstested
.

.
fora Reynoldsnumberrangeof 20,x 10bto
thispaper.TheReynoldsnumberwasbased

A
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I Both
with

8 EmiBms

msximumfuselagecross-sectional

nacelle”exitsrea

tail-plugarea-

dragcoefficient,D/qoA

drag

basedrag,%(Po - %)

flightMch nuder

IL8 x 106srepresentedh
onthebodylength(9.87feet). -

srea

.

!

static”pressure

basepressureintaiiplug

free-streamstaticpressure

P - POpressurecoefficient,
%

*
free-streamdynamicpressue

radiusoffuselage

.

Reynoldsn~ber basedon fuselagelength(9.87feet)

ratioof specificheatsof air(1.40)

DESX31PTIONOFMODELS

.

Sketchesandphotographsofthemodelsareshownin figures1 to5. 1
modelshad.cone-cylinder-conefuselagesandwereI-18.46 titheslongI -
maximumfuselagediametersof 5 inches(finenessratio23.69).
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5ModelA wasa – -scale
8

reference1. AS shown

) 3

replicaoftheram-jettestvehicledescribedi.n

infigure1,modelB hasthenacelleunits
removedandreplacedby twoadditionalfins.

TestconfigurationA hadtailplugsinstalledinsideitssimulated
engines.Thesetailplugsweredesignedto givesonicflowat theexit
sotha~theairmassflowcouldbe calculatedandan accuratedetermina-
tionoftheinternalnacelledragcouldbe made. Theinternalnacelle
dragdatawerethenusedto determinetheexternaldragoftestconfigu-
rationA. Theentranceareaoftheinletwas3.56 squareinchesandthe
throatarea,slightlydownstreamoftheinletlip,was3.06 squareinches.
Theexitareaatthetailplugwas3.47squ~e inches./ ..

.

INSTRIJMEITATIONidlllFLIGETTESI’ING

t
lbdelA wasinstrumentedwitha two-channeltelemeter,whichwas

usedtomeasurelongitudinalaccelerationandnacelle-tail-plugbase
pressurebyuseof a singleorifice.ModelB wasinstrumentedwiththe
sametypeoftwo-channeltelemeterbutwasusedto measurelongitudinal
accelerationonly.

i

Bothmodelswereboostedwith6.2~-i.nchABLDeaconrocket-motors.
Photographsofthemodelsandboostersonthelaunchingstandareshown
as figure5. Af%erbeingacceleratedto a Machnumberof approximately
2.0,themodelsseparat~fromtheboosterandzero-liftdatawere
obtainedduringthecoastingflight.

VelocityandMachnumberof.testvehiclesA andB wereobtainedby
theuseof centinuous-waveDopplerrati andby theintegrationof the
datafromthelongitudinalaccelerometers.Thetrajectoriesofthe
modelswereobtainedbyNACAmodifi@SCR584tracking radar. Atmos-
phericdataforeachflightwereobtatiedby meansofa ballooncarrying
a radiosondesent.alo~ atthetimeof eachflight.

Theestimatederrorofthee~erimentaltotaldragcoefficientsis
believedtobe tithinthefollowinglimits:

ModelA:
Atl&chnumberl.l. . . . . . . . . . . . . . . . . . . . . ..~O.024
At Wchnumberl.9 . . . . . . . . . . . . . . ... . . . . . .tO.014

ModelB:
At Machnumber0.8. . . . . . . . . . . . . . . . . . . . .~..~0.009
At Machnumber2.O..... ... . . . . . . . . . . . . . . ..~O.008

“.-,,=7,.._..._.
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Theestimated,errorofthecalculatedexternaldragcoefficients
ofModelA isbe~evedtobe tithinthefollowinglimits:

AtMachnumberl.l. . . . . . . ...”....
Atl&chnumberl.9. . . . . . . . . . . . . .

RESUIZSANDDISCUSSION

?0.027. ... . . . . . .
. . . . . . . . . to.o17

ThevariationofReynoldsnumberwithlQchnumberforeachtest
configurationis showninfigure6. AlsoshownistheReynoldsnumber
ofthetestvehicledescribedinreference1. Theratioofbasepressure ,
onthetailplugto free-stre~staticpiessure,necessaryinthe
determinationofthenaceue-tail-plugbasedrag,is shownasa function
ofMachnumberinfigure7. Thesuddenchangein“pressurerationear
Machnuniber1.91isprobablyduetoboosterseparation.Duringboosted
flighttheproximityoftheboosterto thetailplugcauseda localhigh-
-pressureregionandinfluencedthetail-plugreading.It is interesting
tonotethat,asthetestvehicledeceleratedfromthesupersonicto
thesubsonicvelocities,a sharpriseinpressureratiooccurred.

Totalan~externaldragcoefficients(basedon fuselagecross-
sectionalarea)obtainedfromtheflightsofthemodelsarepresented
infigure8. TheexternaldragcoefficientsformodelA wereobtained
by subtractingtheinternalandtail-plughase dragfromthemodel
totaldrag. Theinternalnacelledragwasdeterminedby calculating
thechangeofpressureandmomentumbetweenthefreestreamandthe
exit(refs.2 and3).

Notein figure8 that;althoughtheReynoldsnumberformodelA at
a Machnumberof 1.87wasaboutfourtimesthatforthefull-scaletest
vehicle,theexternal-dragcurvescoincide.Thisunexpectedagreement
maybe explainedonthebasisof a typicalcurveof dragplottedagainst
Reynoldsnuuiber,whereinthesamedragcoefficientmaybe obtainedat
threedifferentReynoldsnumbers,dependingonwhethertheboundary
layeriS $’uuy1~, p@ially MUIIiIMWmci partiallyturbulent,or
fullyturbulent.TheRecaoldsnumberformodelA indicatesthatthe
flowwasprobablyfullyturbulent.‘ It ispossiblethattheReynolds
numberofthefull-scalemodelresultedinpartiallylaminarand
partiallyturbulentboundarylayerandwasof justthevaluetoproduce
thessmebag coefficient.It isacknowledgedthatthisexplanationis
onlyqualitativeandprobablyincompletebecausetheresreotherpossi-
blecauses.

Presentedinfigure9 are themodel-componentdragcoefficients.
Thetheoreticalpressure-dragcoefficientofthefuselagew= computed
by inte~atingthepressuredistributiondeterminedby themethod
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describedinreference4. Thefriction-drag
lageweredeterminedbythemethoddescribed

. . . . —— —-. _

5

coefficientsofthefuse-
inreference5. Thesum

ofthetheoreticalpressureandfrictiondragsofthefuselageisshown
to be in close~eement withtheexperimentaldatapresentedinrefer-.
ence6. By subtractingthefuselagedragfromthetotaldragofmodelB,
thedragandinterfer~ceattributedto fourfinsweredetermined.By
usinghalfofthisvaluethedrag-coefficientcurveforthefuselage
withtwofinswasdetermined.Forcomparativepurposesthetotaldrag
ofmodelB andtheexte~albag ofmodelA,havebeenreplottedin fig-
ure9. ThedifferencebetweentheexbernaldragofmodelA andthedrag
ofthetwo-finandfusewgeconfi~ationcan be attributedtothe
nacelleunitsandtheirmutualinterferences(asshowninfig.10).
Thenacelleunits,consistingof inboardwedge-typestruts,ducted
nacelles,andoutboardfairings,accountforaI

I totalexternaldrag.
largepercentageofthe

j
CONCLUDINGREMARKS

\ Free-flightdragtestsat zerolifthavebeenmadeof a power-off
ram-jetmodelwithnacellesanda similarmodelwithoutnacelles.Drag
datawereoltainedfromaMach numberrangeof 1.1to 1.9 to supplement

I . the dragdataalreadyexistingforhighersupersonicspeeds.Thedrag
I ofthenacelleunits,,consistingofthedragofinboardandoutboard

wedge-typestruts,nacelles,andoutboardfairingsandtheirassociated
interferencedrag,wasabout60~ercentofthetotalexternaldragfor
theMachnumberr&ge covered.

LangleyAeronauticalLaboratory
NationalAdvisoryCommittee

LangleyField,Va.
forAeronautics
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Figure8.-Variationsof dragcoefficientswithMach number.
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Figure9.- Variationof,experimentalandtheoreticaldragcoefficients
withMachnumberforthecomponentpartsofthemodelstested.
Note: Nacelle-unitdragconsistsof Mhard-strutdrag,outboard-
fairingdrag,ducted-nacelledrag,andmutualinterferencedrags.
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